.5 1).
Some authors have suggested that plant mixtures, such as are found in CC populations, might,be useful for pest and disease control through host resistance (JACKSON et al., 1978; SLJNESON, 1956) . Composite cross populations could be improved by the accumulation of genes to obtain higher levels of resistance to pests and diseases. Because CC populations are managed so that natural interactions may take place between host and pathogen, it is expected that alleles governing disease resistance will reach frequencies determined by natural selection. Utilizing Rhynchosporium secalis (OUD) J. J. DAVIS, JACKSON et al. (1978) found that the frequency of resistant individuals to three of the four isolates of the fungus studied increased significantly in later generations of CCII, whereas little change occurred in the frequency of resistant plants in CCV and CCXXI. Resistance to each isolate, however, was maintained through the latest generations tested of each population. Changes which occurred in CC11 were analyzed genetically by MUONA et al. (1982) . Striking increases in the frequency of families resistant were found to some races of R. secalis, but not to other races. Resistance to scald, net blotch (caused by the fungus pathogen Pyrenophora teres) and powdery mildew were studied in CC11 by MAROOF et al. (1983) . Generally, the frequency of families resistant to each of the three pathogens increased from early to later generations.
Erysiphe graminis DC f. sp. hordei EM MARCHAL is an obligate parasite, highly variable in pathogenicity, and is present all over the world wherever barley is grown. Powdery mildew does not always occur in the early developmental stages of the barley crop at Davis, California. Barley powdery mildew is usually present in the months of January and February, and it is then that selective influence from this fungus on barley at Davis can be expected (C. W. SCHALLER, personal communication). In Montana, powdery mildew occurs regularly early in the season. Because its appearance is sparce no formal records are kept. Usually the infection is of short duration and very low intensity. Therefore, no selective influence can be expected from the powdery mildew fungus on the CC populations grown at Bozeman and Moccasin, Montana. We postulated that the frequency of resistant plants would increase from the early to the later generations of the composite, if selection pressure was exerted by the pathogen. It is possible, however, that high initial frequencies of resistance alleles derived from resistant parents might actually decrease over time as an equilibrium level is approached.
The objective of this study was to determine whether changes in the frequency of resistant plants to four isolates of E. graminis could be detected in the populations developed in California as compared to those developed in Montana. Variations of resistance to the powdery mildew cultures and conservation of resistant genotypes throughout several generations of each composite cross population are reported in this paper. 
MATERIALSANDMETHODS
The three barley populations used for this study were CCII. CCV, and CCXII. All three populations were developed at Davis, California, and grown each year under normal agricultural conditions. In Montana, the same populations were grown intermittently (HOCKETT et al., 1983) . CC11 (C.I. 5461) was synthesized in 1927 by HARLAN & MARTINI (1929) from 28 cultivars representing the major barley growing regions of the world (HARLAN & MAR-'TINI, 1929 ). This population. as described by JACKWN et al. (1982) was created by pooling equal amounts of F, hybrid seed from the 378 possible intercrosses among the parents. CCV (C.I. 6620) also developed by Harlan, differs from CC11 in both parentage and method of synthesis. The 30 parents, including 11 in common with the parents of CCII, were crossed in all possible pairs, the resulting F, hybrids again pair crossed, and the cycle repeated until a single grand F, hybrid was obtained. The population was initiated from selfed seed produced by the grand hybrid in 1941 (SUKE-SON, 1960) . CCXII (C.I. 6705) was developed by G. A. Wiebe and was derived from intercrossing 26 parents. These 26 cultivars, 21 in common with those in CCV and nine in common with those in CCII, were combined through a series of four pairing of F, plants. In 1940, the residual was backcrossed to the F, of Atlas x Vaughn (WIERE. unpublished).
Parents of the three composite cross populations (Table 1 ) and about 300 seedlings of several generations of each composite (Table 2) were evaluated separately to four isolates of E. graminis. These isolates had been selected in preliminary experiments to differentiate between the resistance genes found among the parents of the CC populations under investigation. Isolate MT was collected from a barley field close to Bozeman in 1979. Isolate 59.11 originated from the northeastern U.S. (MOSEMAN, 1968) . isolate 63.12 was a culture from England (MOSEMAN, 1968) and isolate 64.54 was a culure from Israel (MOSEMAN. 1968) . The seedlings were grown in a 50-50 mixture of clay and vermiculite contained in plastic pots of 21 cm deep x 3 cm in diameter. Inoculation was performed one week after planting, after which the fungus was allowed to develop on the young seedlings in a standard environment (12 hours of darkness at 15 C and 12 hours of light at 2 1 C). One week after inoculation, the seedlings were evaluated for their reaction types and classified as susceptible (3-4) or resistant (0-O;))( l-2). The number of resistant seedlings was computed for each treatment combination in each of the three replications and then transformed to percentage. Statistical analyses were performed on these percentage data. An analysis of variance was computed for each population-isolate combination for each location. Duncan's multiple range test was used to compare generation means within population-isolate combinations.
RESULTS
From the 28 parents that formed CCII, five were found to have a resistant reaction type to isolates MT and 63.12, six to isolate 64.54, and eight to isolate 59.11 (Table  1) . In CCV, four parents were resistant to isolates MT and 63.12 four to the other three cultures. In CCII, significant differences among the generation means were detected after inoculations with culture 59.11 in the populations developed in California and Bozeman (Table 2) . Similar results were obtained with culture 64.54 with populations developed in California and Moccasin. The percentage of plants resistant to isolate 59.11 increased by 1 S?,, in the period from generation F,, to generation F3, in CC11 developed at Bozeman.
In CCV, several significant differences among generation means were detected with different isolates. In CCV developed at Moccasin, a decrease in the frequency of resistant plants was detected in the advanced generation after inoculations with all iso'ates, except 63.12.
In CCXII from California, a 197; and 177; increase in the frequency of resistant seedlings was detected by inoculations with cultures 63.12 and MT, respectively. Significant differences occurred between the two generation means of the CCXII population from Moccasin for cultures MT and 59.11. However, a 23Ya increase in resistance occurred with isolate 59.11, whereas a decline of about 8% was observed for isolate MT. In CCXII from Bozeman, a significant increase in frequency of resistant plants over generations was observed only for culture 59.11. Tests of the parents and subsequent generations of the three composites, showed that culture 59.11 was the least virulent isolate, which therefore detected the greatest amount of resistance. Culture MT was the most virulent isolate, and therefore revealed very little resistance. Some resistance was preserved, however, in all the populations grown at the three locations.
DISCUSSION
The four cultures of E. gruminis f. sp. hordei chosen for these studies were not selected on the basis of geography, but rather because of their differential virulences on the parents of the CC populations used. Many cultures were collected and tested in preliminary experiments. These included cultures from Davis, California and the Sacramento River delta area, a geographic area of great significance to this study. Unfortunately, all of the California cultures that we tested were so highly virulent that we could not differentiate among the parents of the CC populations. We were compelled, therefore, to use those cultures available to us that would differentiate the resistance genes that were contained in the populations under study.
Significant increases in the frequency of resistant plants were found in only five of the 36 generation-isolate combinations. All increases were in CC11 from Bozeman and CCXII from Moccasin and Bozeman when inoculated with culture 59.11, or in CCXII from California and evaluated with cultures 63.12 and MT.
The greatest increases in frequency of resistant plants were detected by inoculations with culture 59.11. Also, CCXII, at the three locations, had the most resistant plants and the largest increases in frequency of resistant plants of the three populations. In these instances, selection pressure in the California plots might have been applied by the pathogen to the CCXII population. After such host-pathogen interactions, the barley CC population may have responded to the selection pressure by favoring plants resistant to the fungus. In all other population-isolate tests, however, no such signiticant changes in frequency of resistant plants were observed. Increases in the frequency of resistant plants were expected from the populations grown in California as compared to the same populations grown in Montana. Overall, resistance to powdery mildew was conserved in the California populations more consistently than in the Montana populations, but expected large increases in frequency of resistant plants were not observed. This is in agreement with the report of MAROOF et al. (1983) who found the frequency of families from CC11 resistant to powdery mildew varied only from .20 in generation 8 to .29 in generation 45. The Montana populations did not lose all of their resistance to powdery mildew, since in all tests some levels of resistance were detected.
It is unlikely that the few increases in frequency of resistant plants that occurred in these tests resulted solely from selection pressure imposed by powdery mildew. An explanation similar to the one suggested by JACKSON et al. (1978) possibly could explain the erratic results obtained in this study. Changes in gene frequencies are induced only by selection . Mating systems determine the recombination potential of such highly self-fertile species populations, and are primary factors respon-POWIIEKY MILUEW RESISTANCE IN HAKLFY COMPOSITES sible for changing the formation or breakdown of gene combinations (JENSEN et al., 1980) . ) and CLEGG et ai. (1972 , 1978 concluded that natural selection was the primary force responsible for the organization of genetic material in highly correlated units in barley populations. They also noted that selection operates differentially on several loci, including non-linked loci, with different intensity and direction, over the life cycle of the population. In this study of powdery mildew interactions with plants of the three barley CC populations, we speculate that alleles for specific resistance in barley were associated with traits that had selective advantage. This could explain the few cases where increases occurred in the frequency of resistant plants over generations. Earlier reports showed that barley CC populations CC11 and CCV have developed highly organized population structures featuring co-adapted gene complexes (CLEGG et al.. 1972; WEIR et al.. 1972) . It is possible that alleles for specific resistance to powdery mildew were associated with such gene complexes in five of the 36 combinations tested. Selection favoring these gene complexes could have caused an increase in frequency of resistant plants over time. Examination of the frequency of genotypes at enzyme marker loci over several developmental stages of a barley population might explain the trends found in these experiments. The hordein loci are the only markers found to be in close association with some known powdery mildew resistance genes (HAUS, 1978 : JENSEN et al., 1976 . This close association may render the hordein loci useful as marker genes (DOLL & BROWN, 1979: JENSEN, 198 I ) . A study of these loci and their evolution in other CC populations would be an interesting follow-up for this research because of the small recombination percentage found between them and the powdery mildcu resistance genes Ml-a and Ml-k.
